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Bidirectional endovascular treatment for chronic
total occlusive lesions of the femoropopliteal
arterial segment using a hand-carried ultrasound
device and a retrograde microcatheter
Masami Nishino, MD, PhD, FACC, Masayuki Taniike, MD, PhD, Nobuhiko Makino, MD, PhD,
Hiroyasu Kato, MD, Yasuyuki Egami, MD, Ryu Shutta, MD, Jun Tanouchi, MD, PhD, and
Yoshio Yamada, MD, PhD, Osaka, Japan
Background: Although endovascular therapy for complex lesions in the lower limbs has frequently achieved successful
recanalization by improvement of techniques and devices, chronic total occlusion in the femoropopliteal arterial segment
still remains a challenge for treatment by endovascular therapy. We investigated the efficacy and safety of endovascular
therapy for chronic total occlusion in the femoropopliteal arterial segment guided by a hand-carried ultrasound (HCUS)
device and supported by a retrograde microcatheter.
Methods: We attempted endovascular therapy for chronic total occlusion lesions in the femoropopliteal arterial segment
using a protocol involving a dual-access procedure using the HCUS device and a retrograde 2.7F microcatheter from
January 2008 to June 2010. We evaluated the success rate, complications, and clinical outcomes, including the
ankle-brachial index (ABI) and primary and secondary patency.
Results: Success was achieved in 18 of 19 patients (95%), without major complications (only two small hematomas). The
HCUS device was useful in reducing the personnel and space requirements, radiation exposure, and the required amount
of contrast agent. The retrograde flexible 2.7F microcatheter was also useful in achieving successful recanalization and
contributed to reducing puncture-related complications. The ABI was significantly improved, from 0.56  0.12 to
0.81  0.11 at 1 year (P < .01) and this effect remained stable. Primary and secondary patency was 63% and 89%,
respectively, at 3 years.
Conclusions: HCUS-guided and retrograde 2.7F microcatheter-supported endovascular therapy for chronic total occlu-
sion lesions of the femoropopliteal arterial segment can achieve a favorable clinical outcome without major complications.
(J Vasc Surg 2012;56:113-7.)
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pThe clinical efficacy of self-expandable nitinol stent
implantation for femoropopliteal arterial disease is on its
way to becoming well established for stenotic lesions.1,2
Even now, however, chronic total occlusion (CTO) in the
femoropopliteal arterial segment remains among the great-
est challenges for endovascular therapy (EVT). It was re-
ported that intravascular ultrasound (IVUS)-guided EVT
was useful for CTO of the femoropopliteal arterial seg-
ment,3 but IVUS is an expensive and space-occupying tool.
US guidance is useful in this segment, especially with a
retrograde approach,4-6 but a typical US machine is too
large to stand by a catheter bed, and the procedure usually
requires a vascular technologist’s support.6 In addition, the
use of sheaths6F to implant a stent in the puncture of the
popliteal artery resulted in a relatively high rate of com-
plications (5%).5 Thereby, in this study, we investi-
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TO of the femoropopliteal arterial segment using a
and-carried ultrasound (HCUS) device and a retro-
rade 2.7F microcatheter.
ETHODS
Patients. From January 2008 to June 2010, consecu-
ive patients with CTO in the femoropopliteal arterial
egments who were scheduled for EVT after diagnostic
ngiography were enrolled. In our institution, coronary
ngiography and angiography for lower limbs were initially
erformed simultaneously by a transradial approach to eval-
ate the comorbidity of ischemic heart disease. We ex-
luded patients with CTO of the iliac arteries and patients
ith severe below-knee lesions. During this period, 28
atients with CTO in the femoropopliteal arterial segments
eceived EVT. Among them, successful recanalization
ould be performed only using the antegrade approach in
ine patients. Thus, our study patients consisted of the
emaining 19 patients in whom a bidirectional approach
as necessary. The indication of the intervention in this
tudy was a CTO lesion that was correlated with symptoms,
ncluding intermittent claudication and rest leg pain. Three
atients complained of rest leg pain and 16 complained of
ntermittent claudication.
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July 2012114 Nishino et alAll patients were evaluated for atherosclerotic risk fac-
tors, including dyslipidemia, hypertension, diabetes melli-
tus, and smoking. Dyslipidemia was defined as treatment
medication or a serum low-density lipoprotein cholesterol
level 140 mg/dL, hypertension was defined as a systolic
blood pressure 150 mm Hg despite therapy for at least 3
months, and diabetes mellitus was defined as type 2 diabe-
tes currently treated with hypoglycemic agents or a history
of diabetes.7 Patients were also classified as smokers or
nonsmokers, with former smokers counted as smokers.
Comorbidity of coronary artery disease, carotid artery ste-
nosis, and renal insufficiency with hemodialysis were also
evaluated. We classified the CTO lesions according to the
TransAtlantic Inter-Society Consensus (TASC) II guide-
lines.8
Interventions. After conducting diagnostic angiogra-
phy of the lower limbs, we scheduled the intervention
procedures according to the strategy shown in Fig 1. We
planned dual access for all study patients if the popliteal
artery did not show CTO, and planned to first puncture the
popliteal artery with the patient prone. For puncture of the
popliteal artery, we performed an HCUS study (Sonosite
180 Plus; Sonosite Japan, Tokyo, Japan) using a linear
5-MHz to 10-MHz small transducer with a two-dimen-
sional directional color Doppler, color-power Doppler,
and continuous-wave Doppler, followed by guided punc-
ture according to the method of Yilmaz et al5 to avoid
arteriovenous fistula.
All devices were inserted in a sterile plastic cover with
coupling gel beforehand, and handled by a first or second
operator, not by the vascular technologist. We used a
20-gauge needle with a needle guide kit for the puncture of
the popliteal artery. After successful puncture by HCUS
guidance, we inserted a flexible 2.7F Progreat microcath-
eter (TERUMO, Tokyo, Japan; inner diameter, 0.65 mm;
length 110 or 130 mm) from the popliteal artery and
turned the patient supine for the next puncture in the
Fig 1. Flow chart shows puncture position and location for en-
dovascular therapy. CFA, Common femoral artery; CTO, chronic
total occlusion;HCU, hand-carried ultrasound device; POP, pop-
liteal artery; TA, anterior or posterior tibial artery.common femoral artery for the antegrade approach. CWe used HCUS guidance to perform the puncture of
he ipsilateral or contralateral common femoral artery. If
he iliac or the superficial femoral artery (SFA) proxi-
al to the CTO lesion showed nonstenotic lesions, the
ntegrade approach from the ipsilateral common femoral
rtery was selected. Conversely, if the iliac or the SFA
roximal to the CTO lesion showed atherosclerosis where
VT should be performed, the antegrade approach from
he contralateral common femoral artery was selected. Es-
ecially, on puncture of the ipsilateral common femoral
rtery, we easily selected the guidewire from the common
emoral artery to the SFA and not to the deep femoral artery
sing real-time HCUS guidance.
We initially tried to cross the guidewire in the CTO
esion with an antegrade approach using both fluoroscopic
nd HCUS guidance. Spot HCUS guidance can direct the
uidewire toward the central lumen (possibly true lumen)
t the entry of the CTO lesion. We advanced a 4F angled-
ip Tempo peripheral guide catheter (Cordis Corp, Miami,
la) to obtain back-up force just before the proximal edge
f the CTO lesion and attempted to cross the 0.018-inch
reasure 12 guidewire (Asahi Intec, Nagoya, Japan) with
he 2.7F Progreat microcatheter. If we could not cross the
esion by using the Treasure 12, we changed to the harder
.018-inch Astato 30 guidewire (Asahi Intec, Nagoya,
apan). If the guidewire from the antegrade approach was
tuck and could not be moved in the CTO lesion, we left
he antegrade-approach guidewire in the CTO lesion for a
andmark and adopted dual-access intervention by adding
he retrograde approach. If the popliteal artery showed
TO, we first tried the antegrade approach only.
If this method failed by the antegrade approach, we
lanned to puncture the anterior or posterior tibial artery
y HCUS guidance with the patient supine for a retrograde
pproach. At that time, we also inserted the 2.7F Progreat
icrocatheter, combined with a 0.014-inch floppy guide-
ire, from the tibial artery to the distal end of the CTO in
he SFA to avoid injuring the vessel wall. For EVT using the
etrograde approach, we changed the 0.014-inch floppy
uidewire to a 0.018-inch Treasure 12 guidewire (Asahi
ntec) just before the distal edge of the CTO in the SFA and
ried to advance the Treasure 12 guidewire with support
rom the 2.7F Progreat microcatheter into the CTO lesion.
All study patients underwent EVT guided by fluoros-
opy andHCUS imaging. Initially we performed EVTwith
he antegrade approach. If the procedure failed using the
ntegrade approach, we used a bidirectional approach. At
he proximal or distal edge of the CTO lesion, we tried to
onduct the guidewire into the central lumen by HCUS
uidance. Occasionally, HCUS guidance provided useful
nformation to advance the guidewire into the CTO lesion
nd prevent vessel perforation during the procedure.
CUS guidance provided information on the vertical lo-
ations of the two guidewires, which was relatively hard to
btain by fluoroscopic guidance. We tried to advance the
uidewire to the endoluminal space as much as possible.
When we achieved successful recanalization of the
TO lesion, we implanted a self-expandable SMART stent
(
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Volume 56, Number 1 Nishino et al 115(Cordis Corp) whose size was determined by HCUS imag-
ing. We inserted the stent using the antegrade approach
because we could not insert the stent using the retrograde
approach due to the narrowness of the puncture (2.7F
microcatheter only). Therefore, if only the retrograde
guidewire could cross the CTO lesion, we extracted the
guidewire from the antegrade sheath by maneuvering
the retrograde guidewire into the tip of the 4F antegrade
Tempo guiding catheter until the guidewire tip appeared
outside the proximal sheath9,10 or by using a snare kit.11
After implantation of the stent with postdilatation by suit-
able balloon angioplasty, we used the HCUS device to
check the grade of the stent expansion.
Hemostasis after the procedure was easily obtained at
the retrograde approach puncture site by mild compression
and at the antegrade-approach puncture site by the Closer
percutaneous suturing device (Perclose Inc, Redwood
City, Calif).
Procedural success was defined as successful recanaliza-
tion of the CTO lesion by stent with at least one of the
tibioperoneal vessels to the distal pedal arch. We evaluated
the puncture site, length of the CTO lesion, stent number,
stent length, and stent dimension.
Clinical follow-up. All patients received aspirin (100
mg/d) and cilostazol (200 mg/d) for 2.5  1.0 days
before the procedure and continued this treatment after the
intervention. All patients were invited for follow-up exam-
inations just after the procedure and at 3, 6, and 12months,
with 1-year intervals thereafter unless clinical deterioration
developed. Symptoms, ankle-brachial index (ABI), and
color Doppler US examinations were performed at each
visit. Restenosis was confirmed in patients with a peak
systolic velocity ratio of 2.4 on the US examinations,
which was considered indicative of a 50% narrowing. A
complete absence of detectable signals by Doppler US
evaluations was defined as a complete occlusion.2 Patients
with restenosis or occlusion were treated with balloon
angioplasty. Major adverse events were defined as death,
myocardial infarction, unplanned tibial/pedal bypass, and
amputation.
Statistical analysis. Data are expressed as mean 
standard deviation. The Student t-test was used to assess
differences in continuous variables between the two
groups. Time-dependent outcomes for primary and sec-
ondary patency were examined by the Kaplan-Meier
method. A value of P  .05 was considered statistically
significant. Statistical analysis was performed with Stat View
5.0 MDSU software (SAS Institute, Cary, NC).
RESULTS
Patients and lesion characteristics. The study popu-
lation consisted of 19 patients (16 men) who were a mean
age of 72  4 years. The preprocedural ABI was a mean of
0.56  0.12. As reported in Table I, the number, length,
and size of the SMART devices were 1.9  0.4, 130  37
mm, and 7.5  0.8 mm, respectively. The patients and
lesion characteristics are reported in Tables I and II. aProcedural success was achieved in 18 of 19 patients
95%). Three patients underwent EVT with a tibial artery
pproach. In only one patient with a severely calcified CTO
esion in the popliteal artery, who received hemodialysis for
10 years, was successful recanalization not achieved; this
atient received femoral-to-anterior tibial vein bypass. In
wo patients, we performed stent implantation for ipsilat-
ral common iliac artery severe stenosis (both SMART,
.0  100 mm).
There were no major adverse events or any other major
omplications, including distal embolism, rupture of the
TO lesion, arteriovenous fistulas, or pseudoaneurysms.
wo small hematomas (3 cm) occurred at the popliteal
rtery puncture site. The patients with small hematomas
ere treated conservatively and were discharged unevent-
ully in a few days.
Clinical course. The mean ABI of all patients in-
reased to 0.93  0.05 just after the intervention and was
ignificantly higher than that before the procedure (0.93
.05 vs 0.56  0.12; P  .01). During a follow-up of
6.9  9.6 months, none of the patients showed major
able I. Lesion characteristics
ariable Mean  SD or No. (%)
atients, No. 19
reprocedural ABI 0.56  0.12
TO length, mm 113  36
ASC II class D 14 (74)
ommon femoral artery approach
Ipsilateral 5 (26)
Contralateral 14 (74)
uccess by bidirectional approach 18 (95)
Popliteal artery approach 16 (89)
Tibial artery approach 2 (11)
ailurea 1 (5)
tent number 1.9  0.4
tent length, mm 130  37
tent dimension, mm 7.5  0.8
BI, Ankle-brachial index; CTO, chronic total occlusion; SD, standard
eviation; TASC, TransAtlantic Inter-Society Consensus.
Contralateral common femoral and tibial artery approach.
able II. Patient characteristics
ariable Mean  SD or No. (%)
atients 19
ge, years 71  4
ale sex 16 (84)
isk factors
Dyslipidemia 13 (68)
Hypertension 16 (84)
Diabetes mellitus 14 (74)
Smoking 9 (64)
Comorbidity
Coronary artery disease 13 (685)
Carotid artery stenosis 3 (19)
Renal insufficiency (hemodialysis) 14 (74)
D, Standard deviation.dverse events. The ABIs at 3, 6, and 12 months after EVT
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July 2012116 Nishino et alwere 0.87  0.07, 0.83  0.10, and 0.81  0.11, respec-
tively, and all values were significantly higher than the ABIs
before the procedures (all P .01). Primary and secondary
patency rates at 3 years were 89% and 89%, respectively
(Fig 2). In five patients (26%) with restenosis or reocclu-
sion, plain old balloon angioplasty was adopted. Prepro-
cedural IVUS was performed to decide the size of the
balloon angioplasty for each patient (5.0  10 cm for 2
patients and 6.0  10 mm for 1 patient). All procedures
for restenotic lesions achieved successful results without
complications.
DISCUSSION
The present study demonstrated that HCUS-guided and
retrograde 2.7F microcatheter-supported EVT achieved suc-
cessful revascularization in 18 of 19 patients (95%) with long
CTOs of the SFA without major adverse events or complica-
tions, resulting in sufficient clinical outcomes.
It has been reported that echo-guided EVT contrib-
uted successfully to CTO recanalization as well as allow-
ing decreased contrast agent usage and radiation expo-
sure.3,4,6,12,13 Especially, spot echo guidance, in addition
to fluoroscopic guidance, is useful to reduce the radiation
and amount of contrast agent required to achieve successful
recanalization.13 However, echo guidance usually needs a
vascular technologist’s support and a large US machine.
Therefore, this technique requires extra expertise and space
in the catheter room. As described in the Methods section,
HCUS is available in aseptic conditions. The first operator
or second operator can use HCUS to visualize the vessels
and surrounding tissue in real time by themselves and can
easily combine the HCUS guidance with fluoroscopic
Fig 2. Overall primary and secondary patency is shown
the femoropopliteal arterial segment after endovascular th
and retrograde microcatheter.guidance by themselves and almost simultaneously. Con- cidering its convenience, economy, and more modest re-
uirements for expertise and space, HCUS constitutes a
uperior method to the typical large US machine for EVT.
Although subintimal recanalization techniques are
ore frequently used than intraluminal recanalization at-
empts, especially in America and Europe, we believe that
rossing the subintimal space may not be ideal because the
umen area is smaller and asymmetric. In addition, redirec-
ion of the guidewire from the subintimal space to the true
umen is occasionally difficult. Especially, implanting a
tent with postdilatation of balloon angioplasty in a subin-
imal space near an adventitia that includes calcified plaque
ay easily result in vascular rupture. Thus, in this study, we
ried to perform intraluminal recanalization as much as
ossible with a 0.018-inch guidewire.
Dual-access intervention for CTO lesions in the femo-
opopliteal arterial segment was ideal because the failure of
TO through a crossover or antegrade approach has re-
ained significant.11,14 Even though the retrograde ap-
roach from the popliteal artery or tibial artery is useful for
TO of the femoropopliteal arterial segment, procedurally
elated complications, including huge hematoma and pseu-
oaneurysm, are reported to occur at a frequency of5%.5
hese complications are often correlated with puncture
sing a sheath of 4F. In our study, we used only the
exible 2.7F microcatheter for the retrograde approach. It
s easier to compress the popliteal puncture site after the
rocedure by a 2.7F microcatheter than by a 4F sheath. As
result, our patients experienced only two small hemato-
as as procedurally related complications. Therefore, dual-
ccess intervention using a retrograde 2.7F microcatheter
9 patients (limbs) with chronic total occlusive lesions of
(EVT) using a hand-carried ultrasound (HCUS) devicefor 1
erapyan reduce major procedure-related complications.
R1
1
1
1
1
1
1
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femoropopliteal arterial segment, results were not suffi-
ciently successful for the antegrade approach by itself, with
success in only 9 of 28 patients (32%). Dual-access inter-
vention is essential for these lesions. The reason a retro-
grade approach was more successful than an antegrade
approach is partially because the distal part of an occlusion
might consist of less fibrotic or calcified tissue, allowing
easier passage of the guidewire into the occlusion.15 In
addition, the flexible 2.7F microcatheter-supported EVT
was useful in reducing puncture-related complications.
In this study, we performed EVT according to our
protocol as shown in Fig 1. It may be considered that the
initial preparation for dual access was not essential because
after the failed antegrade approach, tibial access could be
added as a retrograde approach with the patient supine and
without the need for a position change. However, for long
CTO lesions, as in our patients, it is better to perform EVT
from an access site near the CTO lesion to improve the
success rate of recanalization because of easier manipula-
tion and greater pushability of the guidewire. Thus, it is
better to use the popliteal artery than the tibial artery for a
retrograde access site if the popliteal artery does not reveal
a CTO lesion.
Although a patient who received a retrograde popliteal
approach after failed antegrade angioplasty in the supine
position has been reported,16 this acrobatic method may
consume time and has problems from the viewpoint of
aseptic manipulation. Accordingly, we believe our protocol
(Fig 1) is one of the best flowcharts of EVT for femoropop-
liteal arterial CTO lesions.
CONCLUSIONS
HCUS-guided and retrograde 2.7F microcatheter-
supported EVT for femoropopliteal arterial CTO lesions
can achieve a favorable clinical outcome without major
complications.
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